The present work consists to calculate the parameters of vibrations response of the rotating machines, it consists to development a new calculation method. We will calculate the response of the spring-mass system with finished differences according to operation parameters of the model elements used (rigidity, damping and frequency). An estimate of the absolute values of norms limits of machines vibrations will be started.
Introduction
The rotating machines present particular behaviors in stage transitional. The free response of the system is to be evaluated.
A calculation of these parameters will be started of which we will try to determine this response according to the parameters such as the stiffness and the damping, which represent the parameters of forces opposite to the excitation effort.
Model of the Machines Vibrations
The rotating machines vibrations will be modeled by the system with one degree on Fig. 1 [1] .
Rotating machine can be compared with this system: (Fig. 2) the base is replaced by the bearings the Springs is replaced by the rotor the mass is replaced by the body of the turbine or the pump Damping is ensured by the fluid passing in the turbine or the pump.
Basic Equation
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the system (displacement of mass x (t) compared to its rest position after release) in a direction can be written:
where, k is the rigidity of the spring which expresses that the force of recall is proportional to elongation x and the force F applied on the basis. The total response of the movement is:
is response of the free movement, solution of the equation:
is the response of the movement forced, solution of the equation:
The response of the free movement [2] in the case or ξ < 1 is: 
Case of a Rotating Machine
(Case of excitation by a static unbalance, rigid rotor), that is to say a rigid rotor with an excitation of static unbalance (Fig. 5) . e is eccentricity, C is the gravity center and G is the inertia center. z (t) and y(t) are the co-ordinates of the centre of gravity along two perpendicular directions. The equations of the movement is: That corresponds to the critical speed (Fig. 6 ).
Numerical Calculation
The expressions of the first and second derived by using the differences are finished to solve the equation of motion of a rotor:
The response of the free movement is the solution of the Eq. (3). That is to say:
We choose the boundary conditions: It is the value of damping per unit of mass. We indicate the stiffness per unit of mass by:
The damping and the force of recalls represent opposite efforts to the force of the mass M. These forces are represented by the coefficients λ and δ.
By taking account of the expressions of the coefficient ε << 1 quoted on chapter 1, and that damping is far from that criticizes, and for one period of the movement deadened: 
If the natural frequency 0 ω is a constant, we can write:
The amplitude of the free vibrations is a function of the coefficients of stiffness and damping quoted above. In addition, if there is no damping, the free response is: 
If Ω = χ Ω 1 , then: 
Case of Rotating Machines
The expression of the vibrations in the case of rotting machines is: 
Optimization of Vibrations Limits
From expression, Table 1 from the standard ISO 10168-1 norm, which includes the absolute values of rotating machines vibrations.
The value of coefficient τ is mentioned in this table. We suppose that the amplitude X 0 is relative to equilibrium corresponding to the admissible limit vibration according to norm. And X 1 corresponding to vibration amplitude at nominal speed (value still admissible). The coefficient τ tacked from absolutes vibrations, it will be the same for the measures, it always has a constant value for all machine groups. Calculate the relative change in the real value of 1 X over its supposed value (value to nominal speed, still admissible according the norm). So we have : 
Optimization of Rotating Machines Vibrations Limits by the Spring -Mass System Analysis
The increased off 1 X with respect to the equilibrium condition ( 0 X ) is:
The difference of two variations is:
The admissible vibration are caused by unbalance with values in norm limits. The low frequency spectrum in Fig. 7a and that on 
Calculations Applications
Our machine is a machine entrained by gas turbine series GE 5001P, used for electric energy production with power of 23 MW.
The generator rotor mass is 12 tons and the nominal speed is 3,000 tr/min. We apply the results which use this machine on the other machine groups therefore;
A new form of the norm is presented in Table 2 . It takes account the calculation in Table 3 .
The amplitude calculation is compared to the norm values. We can calculate with the same manner the new vibration values n X from 1 X , then: 
We should search the number of operations n calculation to find the new values can take 1 X , this is by solving in equation: X n > X 1 , thus:
The term sum is a geometric progression, so:
thus n > 1. The limit value of n X is for
The term in brackets is equal to zero for 2 = n (Table 3) . It corresponds to our calculations.
We took the lower limit of this range because an increase in vibration can cause deterioration of the equipment status. Machine design is the main judge of the limits of admissible vibrations.
Our study can be taken into account in machine design.
Numerical Calculation of Free Response
From equation of the free response without damping we have:
We will have:
For a system with several degrees (two degrees for example) were we having not damping: 
Numerical Calculation Applications
In the system represented on Fig. 8 , let us calculate the natural frequency and the proper
